INTRODUCTION
Determining mortality is a major way to evaluate the effects of insecticides on honey bees (Apis mellifera L.), but there is at present an increasing awareness of sublethal effects. Although pyrethroids are highly toxic to bees in laboratory tests (S TEVENSON et al., 1977 ; SMART and S TEVENSON , 1982) , when applied to crops they do not cause levels of mortality to foraging bees that result from other highly toxic insecticides owing to a paucity of foraging bees on the treated crop (G ERIG , 1979 ; A TKfNS , 1981 ; § M OFFETT et al., 1982 ; P l xE et al., 1982) .
Relatively little research has been done with sublethal behavioral effects of insecticides on honey bees (and most other insects). The impact of a sublethal dose of parathion on the honey bee was studied by S CHRICKER and STEPHEN (1) (1974 a, 1974 b) who found interferences with the communication dances of bees. B RANDES (1984) also found parathion to alter honey bee dance patterns. Cox and W ILSON (1984) described abnormal behavior by permethrin-poisoned bees observed in a glass-walled observation hive.
Sublethal effects of permethrin have been observed in other insects. K AISSLING (1980) applied (+) trans-permethrin to olfactory hairs (sensilla trichodea) on antennae of male moths, Antheraea sp. or Bombyx mori, and recorded nerve impulses electrophysiologically that showed odor-induced bursts. K AISSLING postulated a breakdown of membrane potential from permethrin. F LOYD and C ROWDER (1981) and H AYNES and BAKER (1985) found that the pink bollworm (PBW), Pectinophora gossypiella (Saunders), did not respond normally to the sex pheromone gossyplure after being exposed to permethrin. L INN and R OELOFS (1984) showed that male oriental fruit moths, Grapholitha molesta (Burk), treated with sublethal doses of permethrin had difficulty either orienting to a pheromone plume or initiating upwind flight in a flight tunnel.
Since other insects surviving sublethal doses of permethrin have been shown to have difficulty with odor perception and/or responses to pheromones, it seemed appropriate to test the conditioned responses to odors by honey bees that had survived sublethal doses of pyrethroid insecticides. Thus, we studied associative learning by honey bee survivors of LC 50 levels of contact exposure (previously determined by us) to 6 selected pyrethroid insecticides.
MATERIALS AND METHODS
Using a Gary flight cone (G ARY , 1967) approximately 20 foragers exiting from a colony were « funneled » into a 9-cm diameter glass petri dish (with a plastic top) containing an insecticide-treated filter paper. Before catching the bees, the paper (9 cm diam) was placed in each glass petri dish and treated with 1.5 ml of acetone, either with or without an LC 5o dosage of 1 of the 6 pyrethroids (see Table 1 ). (1983) . To facilitate proboscis-extension conditioning, individual bees were restrained in a bee holder with a small (2 X 0.7 cm) cylindrical tube to hold the bee's body and reduce its mobility (Fig. 1) . To prevent damage to the bees while fastening them into the bee holder, we put each individual bee into a vial which was covered with ice until the bee ceased movement. Each chilled bee was then quickly slipped into the tube on the holder and the stanchion device closed around its cervix. All chilled bees recovered immediately and were fed once after being placed in the bee holder. To insure that the bees were sufficiently hungry to give a positive response to sucrose solution they were then held for 3 hours without receiving additional nourishment.
Each bee was positioned singly in front of the exhaust duct and thyme-scented air from a closed plastic container was blown over its antennae (conditioned stimulus) using a small air-pump (Fig. 2) .
During the second half of a 6-sec scent-conditioning interval, the antennae were touched with a small pipet that had been dipped in a 30 °/ sucrose solution (unconditioned stimulus, US). The odor stream was removed from the antennae after 6 sec and the pipet was then touched briefly to the extended proboscis (compound-US). When proboscis extension was not induced by either the odor stream on the antennae or antennal or proboscis contact with the sugar solution, we attempted to free the proboscis in hopes that the bee would respond in subsequent training bouts. A bee unable to extend its proboscis in 3 training bouts was categorized as non-functional and was not included in our calculations. Between 90.5 and 100 % of the bees that were placed in holders in the various treatment groups were classified as functional bees. Each bee was tested and then conditioned with the combination of odor and sugar solution 8 times with inter-trial intervals of ca 15 min. (Although 8 bouts of testing and conditioning were used with each bee, only 7 are mentioned in the results because no conditioning preceded the first bout of testing.) A bee that extended its proboscis during the first 3 sec (when no antennal contact with sugar was in progress) was considered to have responded positively to odor training. When a bee extended its proboscis only during sugar solution contact with its antennae (second 3 sec), it was considered to have given a negative response (untrained). As mentioned previously, a bee unable to extend its proboscis in any given training bout was counted as non-functional. A bee that extended its proboscis immediately after it had been positioned in front of the exiting air duct (position response), viz. before the training scent was blown over its antennae, was not considered to have shown either positive or negative responses for that particular training sequence and was discarded from further testing.
Data for percent positive responses were subjected to 6 analysis of variance (ANOVA) procedures as follows : one for pyrethroid-treated bees and another for control bees in training bouts 1-3, one for pyrethroid-treated bees and another for control bees in training bouts 4-7, and one for pyrethroid-treated bees and another for control bees in training bouts 1-7. Each of these ANOVA's having a significant sequence effect was tested by individual degrees of freedom (linear, quadratic, etc.) Les abeilles furent placées dans des enceintes individuelles construites spécialement (Fig. 1) 
